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sne ONbM—1i5U SWivel-Dalance manip- 
ulator (Figure 7) is designed to. 
hoist and convey loads weighing up 
to 150 kg in loading lathes, pres- 
ses and other production equipment 
as well as for transport operations 
and to service conveyors. 


-/ 
©) 
V 


ShBM-1i50 Manipulator Specificati 





Lifting capacity, kg ..... 150 
Hoisting and lowering speed, 
m/s: 
maximum se eeeeeeceseee 0.5 
minimum TErevevrrrrrr Ts 0.005 
Arm radius, mm: 
Figure 6. LAS ChnPU 13 automatic line with maximum ee Ors cee 3000 
AM, Moscow Machine-Tool Manufacturing Works minimum ee) eee es ee 600 
imeni S. Ordzhonikidze. Load hoisting height, mm .. to 1750 
Regulation of load lifting 
and lowering height ...... contin- 
uous 


Manipulator rotation around 

axis of supporting and ro- 

tating unit, deg 50essseus Je 
Rotation of gripper tip 

around its axis peseeseoess uniimit- 


Power consumption, kW sees 2 


The manipulator may be fitted with 
interchangeable mechanical, vacuum 
and electromagnetic load-gripping 
attachments. 


The manipulator has acoustic and il- 
luminated overload warning systems, 

a power-on indicator and an emergency 
stop button on the arm near the con- 

trol lever. When the stop button is 

pushed, the load stops at its height 

as of the moment the signal is given. 








Figure 7. ShBM-150 swivel-balance manip- 
ulator. 


The manipulator'’s electronic cont 
system has been awarded the state 


Seal of Quality. 


The “automatic manipulator-lathe" production system (Figure 8) is designed to turn 
wv" 


smooth and tapered shafts in an automatic mode. The system consists of a mod. 16K 
lathe, a mod. SN3308.01 double-arm automatic manipulator mounted on the headstock and 
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lage with an extendable arm with a rotatable two-place gripper, a time-step table 
it ible container having a capacity of up to 32 billets mounted on it, a self- 
raulic unit and a cyclical control system. 

iM performs the tollowing operations: removes finished piece and fits new billet 
int ick, transters finished piece to container and places it in proper compartment. 
fhe manipulator is equipped with elements providing it the capability of adapting to 

ect geometry and orientation, which eliminates the necessity of preparing control 
rograms d permits rapid adjustment for different object type sizes. 
The AM‘s itry configuration requires only a small amount of floor space and provides 
free access to the working area of the machine. 
ie design of the gripper, the arrangement of container packing compartments and the 
net f manipulation make it possible to pack pieces closely and compactly in the 
container with respect to both diameter and width. 
The design of the time step table and the container makes it possible to employ this 
AM in an automated machine section with automatic storage. 
le US-3A pneumatic cyclical manipulator control system was developed on the basis 
r V 1 jet components. 
The manipulator's equipment with changeable grippers and container packing-compartment 
components makes it possible to load pieces of varying configurations within a given 
range of weights and dimensions. 
ent of this system increases machining efficiency through intensification ot! 
regimes and reduction of loading time, cuts the number of workers required 
thr ultimachine servicing and improves organization of production operations. 
t he tem yields an economic gain of 23,000 rubles. 
Basic System Specifications 
L i j it - it te f ficient > . . > >. > . . >. . . > >. >. . . . > > > . . >. . >. . > . . . . >. . > . > . . >. . . . . . . >. 0.9 

~ 4 ~~ mo t \ ) c Pp Owe r J kW . . . >. . . . . . . . . > . . >. . >. . . . . . > . . . . . . . . . . . . . ° . . . . . . > 4 Z 
Jimen i mS, . . . . . >. > > . . >. . . >. >. > . . . . . >. . >. . >. . >. >. . > . . >. . > >. . . >. . . >. . . . . . . . . > . . > 5600x4650x 32 50 

[ > c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . > . . . . . . . . . . . . . . . . 14,500 

\M Specifications 
Ma ] eea\ee id capacit' > kez . . . . . >. . . . . . . . . . . . . . . . . > . . . . . . . . . . . . >. . . . . . >. >. . 80 (two 40-kg 
pieces) 

} Li ete Cs; I ‘ >. . . >. . > . . . . . . . . . . . >. . . . . . . . > > . . . . . . . . . >. . . . . . . > . . . > * . Z50-400 
} je f Ji th, hm . . . . . . > . . . >. . . . . >. . > >. . . . > . >. >. . . . >. > >. . . . . . . >. . . . >. . . . . . . 125-250 
Range arm movement, mm: 

il TY Li mnt i] ly . . . > > . . . . . > . . . . > . . . . . > . . . . . >. . . . . . . . . . * > > . . >. . . . . . . 10-140 

‘ . 9 
v¢ r 1C i] i \ >. . . > >. al 7 . . . >. . . >. * >. >. . >. . > . . . . . . > >. . . . . >. . . . >. > * . . > . . >. . . . >. $370 
) 

Ma Ll ive of tl 1e step table, mm . . >. . . . > . >. . . . . . . . > . > . . . . . * . >. > . 1000 
MI < I per r¢ ition, deg “eeeoeeeeeee “eseeeveeeeeeeeveneeeeeneeeeeeeee ee 680 
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Figure |0. NPO VPKTLlstroydormash's AM-based 
»,tem tor applying powder coatings. ~ 


Figure i2. Working areas of the 

Altay Scientific Mechanical Engi- 

neering Research Institute's RPG- 
-1M AM 








The continuous spray chamber has 
two 400x500 mm transport accesses 
and two working accesses located 
on both sides. The chamber is 
equipped with two dispensers. 





Powder is trapped by a two-stage 
filter consisting of a cyclone and 
a bag filter to remove powder paint 
waste from the spray chamber and 
trap powder in the exhaust air. 
Employment of this device permits 
98 per cent utilization of powder 
paint and increases the economy of 
the painting process. 








Figure 11. NPO VPKTIstroydormash's AM for 
painting interior surfaces. 


System specifications: operating 


Ses = F aa c : 
capacity - 60 m*/h; voltage across corona electrode - 30-35 kV; rated current in charg- 
ing device - 50 vA; manipulator carriage travel - 400-700 mm; volume of air removed 
from spray chamber - 2000 m?/h; system weight - approximately 2500 kg. 
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is] f the production operations we have mentioned and the operating condi- 


é rewdown mechanisms, automatic digital program control systems must per- 
wing functions: measure parameters of the rolling process; identi Oop- 
eérational concitions and production operations and generate initiating signals; write 
t r ti rograms; provide for manual or automatic correction of a reduction 
to be executed taking into account the most important perturbation effects upon 
; determine ntrols, specifically by moving rol] a 


’ s for each pass or individ- 
the rolling pr ; generate specific instructions for 

er\ mponent; provide automatic movement of the top roll with the re- 
juir precision; monitor realization of prescribed reduction condit 


ind eiectricai equipment in emergency situations. 


i 1 block diagra f the system. The DPCS is linked to conventional systems 
trolling the electric SM drive (EPNM) [ESMD] via commutator K and con- 


ist f a logic and program control unit (BLPU) [LPCU], an internal memory unit (0ZU) 
[IMU], a digital position regulator TsPR [DPR] and processing information sensors (DTI) 


|, which mprise a photo relay (F) and sensors measuring rolling forces (P), plate 
CnicKkne f and inter-rol gap (DP). 


PCS in the manual mode. He generates instructions (U__) to 
the ip between rolls (S ) using master switch (KK) via commutator (K) to the 
: Z 


» which ha ensors monitoring speed (DS) and DP. 


Input information from the PIS t 
 forn stances aT ee 
the LP lgentiiie tn DI iucti 


operational situations meta] 
thes { Lan? rr | gr ipped by rolls" (MV ) , "end of 


G 4 4) %@7 } . oe ie ° 
———————_ ro ©) 7 rolling cycle" (Ts) and “roll un- 
4 dercut" (F_) and operator func- 
DV 








tions “manual correction of metal 
reduction" (RK) and system "readi- 
' = ness’ for program-mode operation. 
;} : US) mae Senubeiet iis Se Situation identificaticn in the 
— LPCU generates control signals to 
~ | “write” actual inter-roll gap (S_) 











K diagram of digital program values into internal memory an 


. ™ , “~f T. ? A) * * ‘ . . 
- a1 he - RK; Z=- DPCS; 3 - feed a line to the IMU, in ac- 
- & write; 5 = KK; 6 = LPCU; 7 - cordance wih which files of opera- 
- 8 - IMU; 9-S§ 3; 10 - Ts 3; ll - tional information on the plate 
4 zr sen . - 2 
— ic roiiing cycie are recoraeac in mem- 
. - - a ' = BERS b&2 * aa’ ’ - ; 
ry. When the system is switched 
- if SMD; - SM ; 18 = DS; 19 - to the automatic control mode, 


instruction U is transmitted to 


the ESMD from the DPR, which is a 
circuit external to the SM and 


tr i rdance with the optimum law on the basis of information on 5, and 
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Figure - Block diagram tf s¢ rew- 
cown mechanism control algorithm. 


A - YES; B - NO; | - initialization; 


2 - write reduction mode; 3 - § 
i 
' ;, > Benes - 0; 4 - output of next S_. instruc- 
rivul Le Leneratil1ol oO! roii undercut Zi 
command. | - F 3; 2 - AD (amplitude dis- tion; 5 - MV?; 6 - roll undercut; /7- 
—_ oy ie , - IRO?; 8 - recover S_- file address: 
criminator); 3 - FI (pulse shaper; 4 - I z 
(conjuntive [AND]); 5 - F 3; 6 = DF (dif- J- 18. ~-$_, ce; 10 - record op- 
DV rei zi 
entiator); 7 - KKV (master switch posi- erator intervention; 11 - readdress 
tion "up"; 8 - KKN (master switch position file So: 
T 3 ai - 
iown. 


Operation of the algorithm consists in the following. 


[The system is taught, that is, a record made of the mode of reductions, during the pro- 

cess ot rolling the first plate in a run. The operator selects the method of reduction 

lirectly on the basis of production instructions, his individual capabilities, the con- 

lition of his equipment, the wear of the working and backup rolls, the assortment to be 

rolled and other criteria. The control method employed remains unchanged for the entire 
period during which the metal of a particular run is being rolled. 


é 
he inter-roll gap assigned for each pass is written into the memory of the S_ instruc- 
ticn file. After S . is recorded for the appropriate pass, task S 54] is entered in 
vi nit! 


the same file (with a minus sign) to undercut (podryv) the top roli. 
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| ter inalytical design” is to be understood in this instance to refer to methods 
of control-system synthesis making it possible analytically to determine the structure 
ind parameters of a control system which would be optimum in the sense of the minimum 
of a given tunctional with given object controls and limitations. Input control sig- 
nals tor the system may be generated on the basis of observations of certain variables 
which describe the system and a control strategy based upon a priori information about 
system characteristics and the past history of changes in input and output variables. 
System behavior may be regulated by input control signals generated by any method given 
the achievement of the desired objective and the realization of limitations upon system 
control and state variarles. 


So with given ‘imitations an objective may be achieved by employing a number of control 
Strategies. It will therefore be natural to select from among all those permissible 
that strategy which is best from the point of view of some well-defined measure of 
quality (for example, minimum energy expenditures, minimum time in motion etc.). 


For a look at a system for controlling a specific AM achieving the required positioning 
precision, Figure 1 shows the generalized structure of a production system automated 
with the use of AM. Input manipulator control signals are generated on the measurement 
of certain parameters, which control is based upon a priori information on manipulator 
characteristics (workpiece mass, speed of movement etc.) as well as upon knowledge of 
previous changes in input and output signals. Modification of the input control signal 
is a function of the correction loop which is introduced into the control system. 


Manipulator motion may be either perturbed or nonperturbed. We may consider nonper- 
turbed motion as that which occurs without positioning error. This type of motion is 
easily modeled. Any deviation of manipulator motion from that desired can be thought 
of as perturbed motion. Analytic manipulator control loop design can be applied in 
the case of perturbed motion. 


Perturbed motion of an AM gripper as a solid body in bound coordinate system oxyz (Fig- 
ure 2) is described by a system of Euler equations in the form 
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where m - mass of gripper and workpiece; V_,, V and V_, - components of velocity 
xl yl zi ; 

vector along the coordinates; ? ? and 17 components of angular velocity 

x y z ¢ ' 
vector of center of mass with respect to the coordinates; L , L , and L_ =— projections 
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on the axis ot rimary moment of force; F 1? F and F_. - projection along axis of 
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Figure 1. Structural diagram of AM produc- 
tion system. 1 - automatic manipulator; 2- 
- control system; 3 - production equipment; 
a priori information; 
- environmental perturbations; 7 - 


& «= 5 - measuring sys- 
tem; © 


noise. 


—- measurement 





2. Determination of gripper posi- 


tion in a bound coordinate system. 


and g - acceleration of gravity; 


and - angles of rotation 


and I. - moments of gripper and workpiece inertia 


On the basis of a study of equa- 
tions 1, 5 and 6 in system (1) and 
of our method of breaking AM grip- 
per movement down into into sym- 
metrical and nonsymmetrical forms 
it will be established that lateral 


force F and moments L andL are 
x | Vv z 


functions of the coordinates of 
lateral gripper motion. 


Fy = f (a); 
L, =f (@,, @,,, a, 6, Ze (2) 
L, =f (,,, Oo. a, 5. ), 


where a - horizontal gripper drift 


angle; and 6 - deviations from 
Z 

control moment input relative to 

axes oy and oz. 


To construct a channel for AM grip- 
per drift control, the asymmetrical 
forms of motion are broken down in- 
to plane horizontal lateral drift a 
and transverse roll with respect to 
angle by means of a scheme of 


plane lateral motion with 0 = 0. 


z 
Through transformation of 
(1) and (2) we can obtain systems 
of differential equations for the 
plane lateral drift an AM grip- 
per. The first equation is written 
from the condition of equality of 
the centrifugal force acting upon 
the manipulator gripper in the case 
of motion with radius R and the 
elasticity of lateral drift: 


systems 


of 












































mV? OF, 2 
k --(3 (3) 
where V - total velocity of gripper motion. 
7 | | V da *. . * 
We know that 7." “——s 4 On this basis we can write 
dF 
a; + 2.) eb i, aS. (4) 
dt da mV 
We write the second equation from the condition of change in kinetic moment due to the 
effect of drive elasticity, damping forces and control moment: 
dw dL OL OL 
‘. = = —|a+ @,, + = 5, (5) 
dt da dw,, 06, 
Or 
| dw,, ( aL, ( aL, | ? 
— —~— @y, ——- & ae 
dt do, / 1, 7 da l, (6) 
OL l 
= = . 
as, ) I, 


The dimensionless values in equation (6) are to be understood 


as corresponding to the 
tollowing: 








( ol, | - relative coefficient of damping; 
dw, l, 
OL, : 
. )z - relative coefficient of lateral drift; 
a 
z 





OL | 
~ =- relative coefficient of control. 
08 I, 


To solve this system employing the methods of the calculus of variations we adopt the 


following designations: 


OL; | 
G=Xy. Wy — 2 i (Ss) 7, % = Us. 








a4, 
The system of equations takes the following form: 
=&. (+) sr rv, — x, = 0; 
dt da mV 
dt (ots (gts (7) 
+(24-)+ 2 (22) — a =u. 
dt . 00, l, da ) l, 





The task of control channel U, is to eliminate drift with respect to angle a and damp 


vibrations with respect to angular velocity w 
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According to A. A. Krasovskiy's method, for a linear nonstationary object the functiona] 


is written ian the form 
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while the optimal equation, which minimizes this functional, takes the form 


n 
; ’ 
U; =—K; Pix x 
=i 
where »., - coefficient of the quadratic form of optimum control; Pay - coefficient of 
ik 
quality of the transient processes; t, “oe time; p, q - given positive numbers satis- 
> 
— , , | | : , : 
fying the relationship —it —=— | ; in this instance p = q = 2. 


p q 


As applied to actual AM operation the expression 


acquires a specific physical meaning and becomes the limiting condition 


ty U, \* 's . 
— dt + |K (Mo, Xp + Po» Xo)? dt=C, 
(=e) + (Pan #0 + Pas Hs (9) 
ty ty 
where C = const; for minimization of the functional 


1 = pyr xy (fe) + 2pn2 41 (fe) Xo (42) + Pee * (42) + 


The first term of expression (9) can be thought of as the energy losses occurring in 
the course of time interval t,-t, at the outputs of the servo device, the second as 


the work at the input of the servo device. 


Solution of system of equations (7) employing A. A. Krasovskiy's method makes it pos- 
sible to obtain the optimum equation for U,: 


Us = Ka (5 | 7a +-@,,}, (10) 








where 























We thus obtain an incomplete degree of controllability: one control response (U,) and 


two feedbacks. This system is stable with optimum control with coefficient K,, approach- 
ing 


By analogous transformations of ini- 
tial systems (1) and (2) we obtained 
—————] can AM — an expression for optimum control 


































































































ey, 
(U,) for plane vertical AM gripper 
drift 8 in the form 
pot pummnoe , 
ycmpoucméo U, = — K3(A,+A20, + A; 9;). 
where K., - coefficient of optimum U, 
M3 control amplification; Ay» A, and A, - 
= , - constant coefficients. 
w,(S 
HH OAsA 44") + u : 
= (86) 3, F The control of the correction of 
re — , transverse angular gripper deviations 
™/5) thus obtained also has an incomplete 
degree of controllability - one con- 
trol response (U,) and three feed- 
backs. A synthesized structural 
Figure 3. Block diagram of loop for cor- diagram of loops for correcting lat- 
recting lateral AM gripper drift. l a AM eral AM gripper drift is shown in 
gripper; 2 - program unit. Figure 3. 
The optimum controls thus synthes!zed 
possess the following characteristics: 


stability, since with high channel amplification coefficients the optimum controls 
quickly enough return the system to its initial, or to a near-initial, stable mode of 
operation following output from it as a result of any response; 


invariance with respect to perturbing effects, since upon completion of the transient 
process the controlled value and system error are to only a very small degree functions 
of these perturbations with unlimited increase in the coefficient of amplification 








ymmetry of optimum controis, that is, low transient-process sensitivity with re- 


small changes in the coefficient of amplification. 


f 
i 
ce 
re 


[Introduction of correction loops into an AM control system makes it possible to give 
virtually any manipulator high positioning precision without increasing the precision 
involved in the fabrication and assembly of the manipulator itself or enhancing its 


speed, rigidity or damping characteristics. 
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[Article by G. A. Melet'yev, Candidate of Technical Sciences, and I. I. Anuchin, M. L. 
Popov and V. D. Shchepin, engineers: "Production Complex with Automatic Manipulator" ] 


[Text] Our country has now built a large number of automatic manipulators (AM) with 
program control designed for the task of loading metal-cutting machines. Particularly 
effective is the use of AM in combination with other production equipment, which creates 
the possibility of full production mechanization and automation. 


Employed, for example, in existing production systems making parts such as sleeves are 
two LA240P-6 semiautomatic lathes, each ot which has an automatic operator. This pro- 
duction complex consists as well of conveyor systems for transporting workpieces from 
one machine to another, a device for manipulating the workpieces, feeders and storage 
cradles. All these devices are very cumbersome, offer poor mobility and occupy sub- 


stantial production area. 


Resulting from an analysis of the process involved in machining bushing-type pieces on 
the two LA240P-6 semiautomatic lathes was the proposal to build the mod. SPM-MPI auto- 
matic manipulator, which loads machines with workpieces from a magazine loader, conveys 
partially machined pieces from one machine to another, removes pieces on which machin- 
ing has been completed and packs them for storage in containers, that is, it fully auto- 
mates the workpiece machining cycle. 


The need for AM in this kind of production complex arises from the following considera- 


the fact that these pieces have developed cylindrical surfaces providing reliable grip- 
ping and holding points during the process of conveying them and of loading and unload- 
in 4 machines; 

the roug! ly equal peri ds of time required to machine a piece on each semiautomatic 
lathe, which makes it possible to load two machines simultaneously 

mid the possibility of liberating a part of the work force and floor space involved. 


rhe production complex (Figure 1) consists of two IA240P-6 machines, | and 2, positioned 
side by side and machining bushing components in two steps; a two-armed AM 3 having 
three devyrees of motion (rotation of the column around its vertical axis, extension of 
the mechanical arms and the motion of the grippers) and the signal to begin the manipu- 
lation process from the machines; a magazine loader 4 with a capacity of roughly 300 
workpieces serving to store individual pieces and then to move them from storage to a 
cradle [tray]; a cradle 5 for feeding billets (workpieces) to a device which distrib- 


utes them individually; a cradle 6 for conveying finished pieces to contaiuer ‘3 @ 








| ial container for storing finished pieces; a hydraulic pumping system 8 equipped 
with hydraulic devices to drive the AM's servo mechanisms; an electrical equipment 
compartment with a control console 9 and a cyclical system to control the entire com- 
plex and a workpiece feed device 11 designed to move the individual workpieces into 
the working area of the AM gripper. 


The complex functions as follows: after 
the machines have completed their work- 
piece machining cycle, sensors monitor- 
ing for completion of machining cycle, 
which are located on the machines, send 
ba a signal to the AM mechanical arm ex- 
tension device and the devices moving 
the grippers, which then grip and re- 
move the workpieces from the collet 
_— ~ We chucks of both machines simultaneously 
(gripping the workpieces by the exteri- 
or surfaces); the mechanical arms re- 
Lp lax, and the gripper releases the fin- 
] ished piece, which is then transferred 
1. by cradle 6 to the finished workpiece 
\ / storage container. After the pripper 
releases the finished piece the AM 
column rotates clockwise 180° around 
its vertical axis, and the sensors 
Figure |. Diagram of production complex monitoring column rotation send a sig- 
with mod. SPM-MPI automatic manipulator. nal to the magazine loader to advance 
another workpiece for transfer by cra- 
dle 5 to the workpiece feed device. 
The free gripper grasps the workpiece and upon command from grip control sensors (pres- 
sure relays) the mechanical arms move to load the machines: a workpiece into the collet 
chuck of machine 1 and the piece partially worked on the first machine into the collet 
chuck of machine 2. After the machines have gripped the workpieces the AM withdraws 
its mechanical arms and brings them together. The workpiece machining cycle is then 
repeated, and the manipulator column now rotates 180° counterclockwise. Turnings from 
the machines are removed by screw conveyors 10. 
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The proposed design for a production complex for automating the machining of bushing- 
types pieces using automatic manipulators makes it possible to dispense with the two 
automatic operators and a cumbersome and material-intensive transfer system and to re- 
duce the area required for production operations. The economic gain achieved from the 
introduction of production systems employing AM in operations involved in the automatic 
machining of pieces like this is 18,500 rubles. The system is being introduced in one 
of the enterprises in the Mari ASSR. 


The automatic manipulator (Figure 2) consists of a stationary base | housing the col- 
umn-rotating mechanism, which consists of two hydraulic cylinders, within which aie 
rack pistons 2 and 3, which with gear 4 form a system of rack-and-pinion gearing. The 
gear is rigidly keyed co exteriorly scrolled shaft 5, which serves as the movable com- 
ponent of collector 6 designed to feed and receive working fluid to and from the manip- 
ulator's servo mechanisms. Separation of radial thrust bearings 7 and 8 at the ends 

of the shaft make it possible to make the AM column more stable in its stationary base. 





t Ie ica Jiumnm cyiincer iv. Rigidiy attached to the the vertical column 

plate 11, with which are articulated the two mechanical ar 2 with grippers 13 
and gripper actuators 14, the grippers moving in planes perpendicular to the axes of 
the arms. Flexible line S 15-17 are linked Via CONNeCtCoOrs Witn Mail ines 5 housed 
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tical column of the manipulator, 
thereby rotating it by a certain 








precisely fixed angle. 


ie The mechanical arms are extended by 


gy 


— fluid fed via an input connector to 





a corresponding channel on the shaft, 

which is the movable component of the 

collector, and on via axial shaft bor- 
Figure 2 Mod. SPM-MPM [sic] automatic ma- ing te the corresponding hydraulic . 

nipulator. distributor. Upon reaching the rod- 

less chamber of hydraulic cylinder 
I, the fluid actuates the rod, which 
through the slide, and by means of the two pairs of supporting rods articulated with it, 


he arms ace brought together in an analogous manner, with the one difference that the 
working fluid enters the rod chamber of hydraulic cylinder 20. 


, Alj other servo mechanisms of the manipulator are also supplied with working fluid via 
the collector, from which by way of the corresponding hydraulic distributors and hydrau- 


ic distributor unit channels the working fluid flows through the main lines 18 and via 








nnectors and flexible lines 15-17 to the hydraulic cylinders of the gripper device 
ind the hydraulic cylinders 14 actuating the grippers functioning simultaneously. 


fhis design thus eliminates overhanging loads, enhances the dynamic characteristics of 
the mechanical! system and offers the possibility of a parallel machining cycle in which 
the same piece is worked on two machines. 


All manipulator mechanisms function 
with rigid stops. 
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Basic AM Specifications 


cae © The manipulator's hyd i m 
Litting capacity, Kg coccces 10 , P a ’ raulic syste 
ilaies permits transition from rapid move- 
.¥i erie] = . 
a A ; ment to “creeping” (reference) speed 
OL cegrees Of motion secs 3 - 8 ( _— ce) ts 
. ia 7 at the end of the path of the mech- 
‘ 4 ms eres eee eee*s* * * *# @ 
‘ : anisms governing the most critical 
of machines which can be 8 8 : atica 
Tes AM movements, upon which depend po- 
servicec simultaneously .. 2 


7 oe “ya S08 ; Ssitioning accuracy. 
Acceptable workpiece diameter, 
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Acceptable workpiece length, 












































ae... sppkenesvesshecseeecus tee San pjwa * 
Type of drive eeseteeee2eee28080 0 hydraul ic ¥, fy \ \ 
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pump MH Qo - 
* * . . ) 
Positioning accuracy, mm eee +1 $9 . 
. c : . : a yy 
System of basic movement coor- i -& 
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Minimum distance from manipu- . 
lator base to center of BX. 
gripper, mim . *-_e fe ff ss -Z >, fF © 654 7 . > al 
Maximum distance from manipu- = ‘ain 
gripper > mi . . *e Ff ef fteeee® 1120 lou gon 
Angle 9 deg: ao j 
mechanical arm close .. 25 
of mechanical arm extension 5 
Workpiece travel along gripper 
center axis, mm peeeecees 50 Figure 3. Kinematic diagram of mod. 
Control system TEITTTT TTT cyclical SPM-MPI automatic manipulator. * - 
Maximum rate of manipulator - stepper motor. 
column rotation, deg/s e° 180 
Maximum speed, mm/s: 
of arm close peseseoccoes 560 ' ; , ; 
; The manipulator is equipped with an 
of arm extension TYTTTITT 320 
' adjustment device, which is mounted 
of gripper travel along ma- 
- ; ‘ at the base to regulate movement 
a er ae i aha oe with precise adjustment between the 
Overall dimensions, mm +++ 620x960x1650 P z 


pivots of the machine loading posi- 
tions. 


Position sensors (directional switches) located at the end of the actuator track gen- 
erate signals for supsequent manipulator movements. 
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expressions , let us transform (1) 


(3) 


se ‘ -_ P « 7 « . J ; or ~ ¢ ams P 7. — «* 1 ; 
910 - ls D ind i ire \ ITISL int anipuiator cesign parameters, We can 2a y that U -] -a = 


= Substituting, equation (35) takes the tftorm 








H?—2aHy 1—sin?a+ (2alsina—M) =0 (5) 


Employing the known formulas for finding the roots of a quadratic equation, let us 
compute the single value 





H=a} | —sin?ta +} a* + M —asina(asina+ 2/). (6) 


On the basis of (6) let us now plot adjustment curve H = f(a) (Figure 4) employing the 
following constant design parameters: a = 300 mm; b = 500 mm; 1 = 125 mm; M = b*-1*- 
-a~ = 144,375 mm‘; 


H= 04} | —sin?a + 4 234375 — 90 000 sin? a — 75 000 sin a. 





Let us now compute the limits of the change in angle a for the case when a#l>b. From 
the kinematic diagram of the manipulator we can see that angle a can have the extremum 


values 


ae (7) 





a , = So. 
min =U"; Qmax = arcsin 


Given the known design parameters a, b and l 
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py @+ M— (b—1) (b—! 21) =p a&—(b—1)? 


[o compute regulating component parameters: guide screw pitch tos and minimum angular 


movement of discrete motor, in which instance stepper motors may be employed, we must 
compute the minimum discrete value of angular manipulator mechanical arm movement da. 
The minimum value Aa of angular mechanical arm movement may be computed from the condi- 
tion that we insure proper fit with respect to the interior (exterior) surfaces of the 


workpiece and the chuck on the loading shaft of the machine 


QO - |D-D. | 9 
where represents the gap between the workpiece and the chuck; D.. the exterior diam- 
eter of the chuck and D. the interior diameter of the workpiece 


We know that in the case of automatic assembly "fit" refers to the probability of 100- 
per cent assembly of all components “into a single unit with satisfaction of all qual- 
ity requirements." 


We insure fit if we satisfy the following relationship 


Est 
per 
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i the manipulator (see Figure 3 
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where n = 1, 2, 3, ...; m represents any whole number. 


We can then find the parameters of the regulating component for remote control in ac- 
9rdence with the known formula 


o. 
‘n= =, 'p! . 
360 = (14) 
where ‘a=™AHain - pulse value equal to minimum value of linear motion; »,- - angle of 


stepper motor rotation corresponding to a single pulse (deg); ‘* - reducer gear ratio; 
‘ss - guide screw pitch. 


It tollows from (14) that 
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[The work which has been done has provided a basis for the development of analytical 
computation of regulating component parameters based upon the criterion for determining 
component fit. Adjustment curve H = f(a) makes it possible to compute the low-sensi- 
tivity regulation zones throughout the angle of mechanical arm extension and caa be 
employed with manual or remote AM adjustment. 
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